Endoscopic mucosal resection (EMR) represents a major therapeutic advance in the management of early cancer of the upper and lower gastrointestinal tract. The most commonly used techniques can be subdivided into injection-, cap-, and ligation-assisted EMR [1, 2] . Injection-assisted EMR can be further subdivided into the "inject-andcut" technique (using an electrocautery snare through a single-channel endoscope) and the "inject-lift-and-cut" technique (using a grasping forceps to lift the lesion and an electrocautery snare through two separate channels of a double-channel endoscope) [1, 2] . The inject and cut EMR, also often called "saline-assisted" polypectomy, is the technique most frequently used for large sessile and flat colon polyps [1, 2] . This technique was originally described by Deyhle et al. in 1973 [3] and in the era of colorectal cancer screening, it has become very popular in Western countries allowing the treatment of lesions larger than 30 mm, and those involving more than one-third of the circumference or two haustral folds, with a flat/depressed morphology. This technique also offers a good alternative to surgery, thereby obviating the need for surgical intervention and its wellknown associated morbidity and mortality. The reported complication rate associated with EMR is low [4] , although it increases with the dimension of the lesion treated. In large polyps treated with EMR, the most frequent adverse event is bleeding, occurring in 1 % -45 % of cases [5 -11]. Other complications are perforation (0.7 % -4 %) [7, 9, 12 -16] and postpolypectomy syndrome (0 %-7.6 %) [8 -13, 17 -19]. Another risk following EMR is recurrence, which has been reported in up to 46 % of cases [5 -18]. The aim of this study was to evaluate the outcomes of EMR for large and giant sessile and flat colorectal polyps with particular regard to procedural complications and recurrence rate.
Introduction

!
Endoscopic mucosal resection (EMR) represents a major therapeutic advance in the management of early cancer of the upper and lower gastrointestinal tract. The most commonly used techniques can be subdivided into injection-, cap-, and ligation-assisted EMR [1, 2] . Injection-assisted EMR can be further subdivided into the "inject-andcut" technique (using an electrocautery snare through a single-channel endoscope) and the "inject-lift-and-cut" technique (using a grasping forceps to lift the lesion and an electrocautery snare through two separate channels of a double-channel endoscope) [1, 2] . The inject and cut EMR, also often called "saline-assisted" polypectomy, is the technique most frequently used for large sessile and flat colon polyps [1, 2] . This technique was originally described by Deyhle et al. in 1973 [3] and in the era of colorectal cancer screening, it has become very popular in Western countries allowing the treatment of lesions larger than 30 mm, and those involving more than one-third of the circumference or two haustral folds, with a flat/depressed morphology. This technique also offers a good alternative to surgery, thereby obviating the need for surgical intervention and its wellknown associated morbidity and mortality. The reported complication rate associated with EMR is low [4] , although it increases with the dimension of the lesion treated. In large polyps treated with EMR, the most frequent adverse event is bleeding, occurring in 1 % -45 % of cases [5 -11] . Other complications are perforation (0.7 % -4 %) [7, 9, 12 -16] and postpolypectomy syndrome (0 %-7.6 %) [8 -13, 17 -19] . Another risk following EMR is recurrence, which has been reported in up to 46 % of cases [5 -18] . The aim of this study was to evaluate the outcomes of EMR for large and giant sessile and flat colorectal polyps with particular regard to procedural complications and recurrence rate.
Background and study aims: This study examines efficacy, outcome, and complications of endoscopic mucosal resection (EMR) for large (≥ 20 mm) and giant (≥ 40 mm) sessile and flat colorectal polyps. Patients and methods: All EMRs carried out at our institution over a 9-year period, for large and giant sessile and flat colorectal polyps with an intensive and regular follow-up were evaluated. The rate of en bloc and piecemeal resection, complications, and recurrence were analyzed. Results: A total of 148 polyps were resected in 148 patients. There were 113 large polyps (76.3 %) with a mean size of 25 ± 4.7 mm (range 20 -39 mm) and 35 giant polyps (23.7 %) with a mean size of 48.8 ± 12.5 mm (range 40 -100 mm). The most frequent location was the rectum, occurring in 43.2 %. All lesions were removed in a single session. En bloc resection was performed in 65 cases (43.9 %) and piecemeal in 83 (56.1 %). Procedural bleeding occurred in 13 EMRs (8.8 %), and one case of early and one case of delayed bleeding also occurred. There were two cases of postpolypectomy syndrome and one case of perforation. Malignancy (intramucosal and invasive cancer) was mostly present in polyps with sessile shape (P = 0.0013). Follow-up colonoscopy was performed in 142 patients for a mean of 29.8 months. Recurrence was observed in 6/142 (4.2 %) patients and was found more in patients with giant polyps (P = 0.014). Conclusions: In our experience EMR is a simple and safe procedure for removing large and giant sessile and flat colorectal polyps, and is associated with a very low risk of complication and local recurrence.
Patients and methods
!
All EMRs for sessile or flat colorectal polyps measuring 20 mm or more in size (large ≥ 20 mm and giant ≥ 40 mm), carried out at our institution between January 1999 and December 2007 and with a regular and intensive endoscopic follow-up were included in the study. Sessile and flat polyps were defined as having no clear stalk. A polyp was recorded as sessile if it presented as a broad-based polypoid lesion (elevated from the adjacent mucosa), whereas a flat polyp was a mucosal lesion with a flat or slightly rounded surface and showing a height of less than half the diameter of the lesion [20] . All procedures were performed by one of two expert endoscopists and the "inject and cut" technique was used [1, 2] . The patients were prepared with a fiber-and residue-free diet within 72 hours and 4000 mL of a polyethylene glycol electrolytic lavage solution 18 hours before colonoscopy. The procedure was performed with a standard video colonoscope (CF-100 HI, CF Q145L and CF Q160I: Olympus Optical Co., Ltd, Tokyo, Japan; or EC3830FK: Pentax, Hamburg, Germany) or with an operative video gastroscope (GIF 1T140: Olympus). Submucosal injections were performed with variceal injection needles (VIN-23: Wilson-Cook Medical Inc., Winston-Salem, North Carolina, USA; Variject Contrast injection therapy needle: Microvasive Endoscopy, Boston Scientific Corp., Natick, Massachusetts, USA). The injection solution contained saline, saline with epinephrine (1 : 10 000) or saline and epinephrine with methylene blue mixture (1 : 10 000). The snares used were standard or jumbo (Olympus, Microvasive Endoscopy, Boston Scientific, Wilson-Cook). After the submucosal injection, the open snare was placed around a portion of the lesion and was gently pressed against the mucosa. Excess air was aspirated from the colon to decrease distension and facilitate grasping of the targeted polyp. After snare excision, air was insufflated to visualize the area of resection; any residual tissue was removed in a similar fashion. Resections were performed until the polyp was completely removed and the muscularis propria was visualized. When an en bloc resection was deemed technically impossible, the lesion was removed in a piecemeal fashion. Electrosurgery was performed with a generator using a power of 120W (ERBE-ICC 200: Erbe Elektromedizin GmbH, Tübingen, Germany). Argon plasma coagulation (APC) at a power of 60 W and gas flow of 2 L/minute (Erbe APC 300) was applied immediately after EMR on the lateral margins of the postresection site if adenomatous tissue remained. After EMR, all patients were hospitalized for 48 -72 hours.
Assessment of dimension of polyps and histopathology
The size of polyps was estimated by comparison with open biopsy forceps and when possible after retrieval. All removed tissue was retrieved using a basket or through the suction channel. All specimens were stained with hematoxylin and eosin for histopathologic assessment, and two experienced pathologists examined the resected material. Based on the histologic configuration of the crypts, adenomas were classified into tubular, villous, and tubulovillous. Colorectal adenomas were histologically classified according to the Vienna criteria [21] . The histologic definition of "low-grade dysplasia" included adenomas showing mild-to-moderate dysplasia (old nomenclature). The epithelium was lined with spindle-shaped, rather uniform hyperchromatic nuclei with regular nuclear membranes. The chromatin particles were uniformly small. The stratified nuclei did not surpass the deeper half of the epithelial thickness. The histologic diagnosis of "high-grade dysplasia" included adenomas with severe dysplasia (old nomenclature). The epithelium was lined with cells having spindle-shaped, hyperchromatic, moderately pleomorphic nuclei. The chromatin particles were irregular with angular shapes. The nuclear membrane was regular. The stratified nuclei surpassed the superficial half of the epithelium and may reach the luminal epithelial border. The diagnosis of "intramucosal carcinoma" included adenomas having neoplastic cells with unquestionable invasion into the lamina propria mucosae. A desmoplastic reaction in the juxtaposing lamina propria and/or a neutrophilic infiltration may accompany that invasion. The "submucosal carcinoma" included adenomas having neoplastic cells with unquestionable invasion into the submucosal layer.
Complications EMR-induced bleeding was defined as procedural (occurring during EMR), early (within 24 hours), and delayed (after 24 hours). The diagnosis of early and delayed bleeding was based on the passage of fresh blood per rectum. Bleeding was treated by injection therapy, with dilute epinephrine in a concentration of 1 : 10 000 with or without 1 % polidocanol, hemoclips (Quick clips: Olympus) and thermal coagulation using argon plasma (60W). Postpolypectomy syndrome, caused by thermal injury, with resultant serosal inflammation, was characterized by localized abdominal pain, leucocytosis and, occasionally, fever. Perforation was diagnosed by an endoscopy during the resection and by the presence of free air on plain abdominal film or abdominal computed tomography scan.
Follow-up and recurrence
The surveillance colonoscopy was performed 3, 6, 12, 24, 36, 48, and 60 months after the initial resection. During the endoscopic follow-up, any alteration of the mucosa in the area of previous resection (ulcerations, scarring, retractions of mucosa, etc.) were subjected to biopsy. Recurrence was defined as the presence of adenomatous or polypoid tissue on a follow-up endoscopy; this was treated with another EMR.
Outcomes of study
The parameters evaluated in the study was obtained from the endoscopy and hospital databases and were: age, sex, drug consumption, associated intestinal or extra-intestinal diseases, polyp size, polyp shape, location of polyp in the colon, procedural complications (bleeding, postpolypectomy syndrome, and perforation), histology, grade of dysplasia and cancer, technique of EMR (en bloc or piecemeal), technique of hemostasis, surgical resection after EMR if necessary, and recurrence. The end point of the study was to evaluate the en bloc and piecemeal resection rates, complete resection, complications, and rate of recurrence during follow-up.
Statistical analysis
Continuous data are described by mean, standard deviation, and range, according to distribution. Categorical data are presented as numbers and percentages. Because of the relatively small sample size, the statistical analysis was performed using nonparametric tests. Relationships between numerical variables were examined by the Spearman correlation coefficient [22] , between categorical and numerical variables by the biserial correlation [22] , and between categorical variables by the chi-squared test [23] . Comparison between subgroups (technique of EMR en bloc vs. piecemeal, large lesions vs. giant, and sessile shape vs. flat shape) were assessed by using the nonparametric combination (NPC) test [24] , verifying alternative directional hypotheses. A P-value of less than 0.05 was considered statistically significant. The software packages applied were SPSS for Windows 11. 
Results
!
From January 1999 to December 2007, 174 EMRs were carried out in 174 patients for colorectal polyps measuring 20 mm or more. A total of 26 patients were not included in the study because they were hospitalized in other institutions; therefore no data have been gained regarding eventual postpolypectomy syndrome, late perforation and bleeding, or the histologic diagnosis because samples were sent elsewhere and not enough information was available on relapse rate postpolypectomy. The demographic and clinical data of the remaining 148 patients studied and the characteristics of the 148 resected polyps according to size are presented in• " Tables 1 and 2. The mean (± SD) age of the patients (94 men and 54 women) was 69.2 ± 11.9 years (range 28 -96 years). Altogether 10 patients (6.7 %) reported chronic consumption of aspirin or anticoagulant drugs, that were stopped prior to EMR, 13 (8.8 %) had an associated colorectal cancer in another site, and 10 had other small polyps in the colon that were resected in the same endoscopic session. The mean (± SD) polyp size was 30.7 ± 12.5 mm (range 20 -100 mm), 113 of which (76.3 %) were large polyps with a mean size of 25 ± 4.7 mm (range 20 -39 mm) and 35 of which (23.7 %) were giant polyps with a mean size of 48.8 ± 12.5 mm (range 40 -100 mm). There were 74 sessile and 74 flat polyps, and the most frequent location was the rectum, occurring in 43.2 % (64/ 148).
Rate of complete resection
All polyps were treated in a single session, and the resection was judged endoscopically complete in all EMR procedures. En bloc resection was carried out in 65 cases (43.9 %) and piecemeal resection in 83 (56.1 %). The "en bloc" resection was possible only for polyps of less than 30 mm (22.8 ± 2.5 mm, range 20 -27 mm) (57.5 % large vs. 0 giant polyps; NPC test, P < 0.0001). APC was applied to the margins of the lesion in 16 of the 148 polyps (10.8 %): in nine of 74 sessile polyps (12.2 %) and seven of 74 flat polyps (9.5 %); in seven of 65 (10.7 %) polyps resected en bloc and in nine of 83 (10.8 %) resected in piecemeal; in 12 of 113 large polyps (10.6 %) and in four of 35 giant polyps (11.4 %).
Complications
Procedural bleeding occurred in 13/148 resected polyps (8.8 %). One case of early bleeding (10 hours) and one case of delayed bleeding (36 hours) also occurred, both requiring blood transfusion. Bleeding occurred in: 8/74 sessile and 7/74 flat polyps (10.8 % vs. 9.5 %; NPC test, P = 0.959); 12 polyps were large and three were giant (10.6 % vs. 8.6 %; NPC test, P = 0.766); in 8/65 polyps treated with en bloc resection and in 7/83 treated with piecemeal resection (12.3 % vs. 8.4 % NPC test, P = 0.578). No correlation was observed between bleeding and the individual parameters (age, sex, drug consumption, associated intestinal or extra-intestinal diseases, size, shape, location, histology, and technique of resection). The bleeding was always managed endoscopically, by applying hemoclips in four cases, endoscopic injection in seven, and APC in four cases. Postpolypectomy syndrome occurred in two patients (1.3 %) and was successfully managed conservatively. Perforation was recorded in one patient and required surgical management. 
Histology
The histopathologic examination showed 66 low-grade dysplasia (44.6 %), 60 high-grade dysplasia (40.5 %), 17 intramucosal cancer (11.5 %), and five invasive carcinomas (3.4 %). The most frequent type of polyp resected was the villous adenoma 87/148 (58.8 %). The presence of intramucosal cancer was related to villous histology of adenoma (chi-squared test, P < 0.0001). Malignancy (intramucosal and invasive cancer) was mostly present in polyps with sessile shape compared with flat shape (21.6 % vs. 6 %; NPC test, P = 0.0013).
Surgery
Surgical resection of the colon was performed in seven of the 148 patients (4.7 %): five patients with histologic diagnosis of invasive adenocarcinoma of the resected polyp; one young patient (48 years) who showed recurrence at 12 months and underwent a second EMR, with histopathologic diagnosis of intramucosal cancer; and one patient with a large perforation, which was not suitable for endoscopic repair with clips, who underwent emergency surgery. Details of patients referred for surgery after EMR are presented in• " Table 3 . The patients with invasive adenocarcinoma presented large but not giant polyps, which had a regular lifting sign at submucosal injection; in all these cases there had been no need for APC and no bleeding occurred after EMR.
Follow-up and recurrence
Follow-up colonoscopy was performed in 142 of the 148 patients for 29.8 ± 15.9 months (range 6 -60 months). Recurrence was observed in six of the 142 patients (4.2 %), always within the first year of follow-up. In particular, recurrence was more likely in patients with giant polyps (5/35) compared with patients with large polyps (1/107) (14.3 % vs. 0.9 %; NPC, P = 0.014). Recurrences were treated with a new EMR in a single session and no further recurrence was observed in any patient. No statistically significant difference in recurrence rate was shown between the two resection techniques (2/65 with en bloc resection vs. 4/83 with piecemeal resection; chi-squared test, P = 0.208) and between the two shapes of polyps (2/74 flat and 4/74 sessile polyps; chi-squared test, P = 0.154). The recurrence rate was similar regardless of whether APC was used or not to complete the EMR (2 for APC after EMR vs. 4 for EMR without APC).
The complete data and destiny of resected polyps are presented in
• " Fig. 1 .
Discussion
!
Several studies have been published on the safety and therapeutic potential of endoscopic resection, with various techniques, for sessile and flat colorectal tumors since the first data was reported by Tada et al. in 1984 [25] ; large polyps, particularly those greater than 30 mm represent a significant technical challenge and special skills are required for their removal [5, 17] . The results of our study indicate clearly that the EMR performed by an expert hand is safe and effective and should be considered the treatment of choice for large sessile and flat polyps of the co- Table 3 Patients referred for surgery after endoscopic mucosal resection (EMR). Fig. 1 The complete data on the study population.
Original article 833 lon and rectum. In many papers the en bloc resection of these lesions is recommended because it provides more accurate histologic assessment and reduces the risk of local recurrence. The presence of normal colorectal mucosa around the excised tumor and the absence of tumor cells in the mucosectomy base are requirements for judging endoscopic resection to be histologically complete; however, sometimes en bloc resection of large sessile or flat polyps is not possible and the endoscopic piecemeal mucosal resection is necessary [26 , 27] . In our study, the en bloc resection was possible only for polyps of less than 30mm but no statistically significant difference in recurrence rate was reported between the two resection techniques, and the piecemeal resection was equally safe and effective. Overall, regardless of the EMR technique used, the most frequently reported complications are bleeding (1 % -45 %) [5 -11] , perforation (0.7 % -4 %) [7, 9, 12 -16] , and postpolypectomy syndrome (0 % -7.6 %) [8 -13, 17 -19] . All are potentially controlled with medical treatment or endoscopic methods and very rarely require surgical treatment.
For the prevention of these complications, injection of diverse solutions into the submucosa to create a fluid cushion between the lesion and the muscular layer of the intestinal wall before removal of the lesion has been advocated and is frequently practiced. Normal saline solution, with or without epinephrine, is commonly used for submucosal injections but a number of solutions have been proposed, such as sodium hyaluronate, glycerol, and 50 % dextrose [19, 28 -31] . In our experience, normal saline with or without epinephrine (1 : 10 000) and methylene blue have been shown to be equally safe and effective; in fact we reported a low rate of postpolypectomy bleeding (8.8 % minor and 1.3 % major bleeding) always resolved by endoscopic means, two cases (1.3 %) of postpolypectomy syndrome treated with medical therapy, and one case (0.7 %) of perforation treated with surgical resection. Endoscopic follow-up is essential because there is a high risk of recurrence. Aggressive surveillance seems justified because it has been shown, in an animal model, that residual tumor has a high re-growth rate [32] . The recurrence rate after EMR of large colorectal polyps in other studies ranges from 0 % to 46 % [5 -18] but it is difficult to compare the different series because of wide variations in polyp size and length of follow-up. In the present study, the reported recurrence rate was 4.2 % (6/142) during a mean follow-up of 29.8 months. From data in the literature, it seems likely that the recurrence rate of adenomas is lowered by using the combination of EMR and APC [9, 14, 33] ; however in the present study the recurrence rate was similar regardless of whether APC was performed after EMR. Many papers in the literature report that submucosal injection prior to EMR is useful for the diagnostic assessment of invasion depth [34 -36] . In our study all those five lesions with invasive cancer that were secondarily managed with elective surgery presented a regular lifting sign after submucosal saline injection and there was no macroscopic suspicion of malignancy. Some limitations to our study include the retrospective design, which does not give the opportunity for further follow-up of many endoscopic mucosectomy complications. For this reason and the fact that some individuals were referred to other hospitals for monitoring after the procedure, a large group of patients had to be excluded from the statistical analyses.
In conclusion, in our experience, EMR is a simple and safe procedure for removing large and giant, sessile and flat colorectal malignant lesions and is associated with a low complication rate. Piecemeal resection seems to be as effective as the en bloc technique to remove these lesions, with a very low local recurrence rate.
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